Summary. A highly reliable technique for the determination of progesterone in milk has been developed, and its application to pregnancy diagnosis in cows is reported. The method is characterized by an activated charcoal treatment of the samples, extraction of the absorbed progesterone by an organic solvent, followed by RIA. The application of the method to pregnancy diagnosis, 21\p=n-\23 days after artificial insemination, shows that 5 ng/ml is the most useful value to discriminate between pregnant and non-pregnant animals, with greatest precision on the 21st day, in that 93\m=.\5%of pregnant and 100% of non-pregnant animals were correctly diagnosed.
Introduction
It is generally accepted that progesterone is one of the chief hormonal characteristics used in the evaluation of reproductive function in pregnant and non-pregnant cattle (Donaldson, Bassett & Thorburn, 1970; Glencross, Munro, Senior & Pope, 1973; .
The evaluation of progesterone levels in blood and milk, 20-25 days after insemination, has been used for the diagnosis of pregnancy (Robertson & Sarda, 1971;  Gadsby, Heap, Henville & Laing, 1974;  Pope, Majzlik, Ball & Leaver, 1976; Bulman & Lamming, 1976; Hoffmann, Günzler, Hamburger & Schmidt, 1976;  Heap, Holdsworth, Gadsby, Laing & Walters, 1976; Pennington, Spahr & Lodge, 1976a; Holness, Ellison & Wilkins, 1977; Erb, Chew & Keller, 1977) , but determinations in milk offer considerable advantages because milk is easier to collect than blood. Various methods have been described for the assay of progesterone in milk, either directly in small amounts of milk (Gadsby et al, 1974; Bulman & Lamming, 1976; Heap et ai, 1976; Dobson & Fitzpatrick, 1976; Allen, Redshaw & Holdsworth, 1980) or after extraction with petroleum ether (Schiavo, Matuszczak, Oltanacu & Foote, 1975; Pennington et ai, 1976a) or petroleum ether and methanol (Hoffmann et al., 1976) , but the existence of non-specific interference, the high solubility of progesterone in fat and the effect of variations in fat content on the amount of progesterone determined in different milk samples (Pope et al., 1976) give low precision and accuracy of the assays (Schiavo et al., 1975; Heap et al., 1976) . There is clearly a need for a method of progesterone measurement in milk which is simple, rapid and reliable, particularly for the absolute values, and the present paper describes such an assay.
Materials and Methods
The solvents used (Merck, Darmstadt, Germany) (0-1%, BDH, U.K.) (Buffer B) or human gamma-globulins (0-5 µg/ml; Sciavo, Siena, Italy) (Buffer C) In Procedure 1, 1 ml absolute ethanol was added to all the manually shaken tubes which were sealed and placed in a rotary mixer for 30 min and then centrifuged for 10 min at 1500-2000 g. Two aliquots of ethanol (2 0-3 ml) were transferred to the tubes for RIA. All tubes were then brought to 37°C and dried in a vacuum. The dried samples were re-dissolved with 0-3 ml Buffer A per tube for 1 h at 37°C, mixing twice during this period, and were then ready for RIA.
In Procedure 2, 1 ml acetone was added to all the manually shaken tubes which were sealed and placed in the rotary mixer for 30 min and then centrifuged for 10 min at 1500-2000 g. All the acetone was decanted and the residues were dried at 37°C. The dried fraction was then dissolved in 1 ml Buffer A at 37°C for 1 h, mixing twice during this period. Finally, two aliquots (0-3 ml) of buffer were transferred to the assay tubes for RIA.
The RIA was carried out using tritiated progesterone (6000 d.p.m./tube) which was added together with antibody, followed by overnight incubation at 4°C and then separation with dextran-coated charcoal. The tritiated hormone and the antibody were prepared in Buffer C. The standard curve ranged between 12-5 and 800 pg. The supernatant was mixed with a scintillation liquid (Pico Fluor 30, Packard) and counted in a Packard PRIAS PL counter. A few samples were assayed in parallel, in a system using 125I-labelled progesterone; the incubation times were 30 min at 37°C and 2 h at 4°C.
Direct radioimmunoassay
The method of Gadsby et al. (1974) was used to measure progesterone in unextracted, diluted milk samples. 0-1 ml milk diluted 1:10 with Buffer A was preincubated for 30 min at 20ÜC with 0-3 ml antibody at the same working dilution as described above. After the addition of 0-1 ml Buffer C containing approximately 104 d.p.m. of tritiated progesterone, an overnight incubation at 4°C and separation with dextran-coated charcoal were performed. The standard curve was prepared with known concentrations of progesterone (10-500 pg) in a buffer to which 10 µ milk from an ovariectomized cow were also added.
Results

Milk extraction
Various experiments were performed to optimize the method. The first experiment was aimed at establishing the optimal ratio of milk to dextran-coated charcoal to give the maximal recovery of hormone. Constant aliquots of milk containing a small amount of labelled progesterone were treated (after an adequate equilibration time) with different concentrations of dextran-charcoal (0-166-1 mg/tube). In a kinetic study, the rotary mixer (see 'Methods') was stopped every 5 min during the first 30 min and then every 10 min for a further 30 min. At fig. 1 . Amounts of progesterone (a) absorbed over 1 h from 0-1 ml milk with different concentrations of dextran-coated charcoal (DCC) and (b) re-extracted with 1 ml absolute ethanol.
Two further experiments were required to obtain the same conditions for each tube, after absorption and before re-extraction, for the various time intervals. The absorption of progesterone at various times was evaluated by (1) using 0-333 mg dextran-charcoal/tube followed by re-extraction with ethanol for 1 h in all samples (Text- fig. 2a ), and (2) by using 0-333 mg dextran-charcoal/tube for 1 h followed by exposure to ethanol for various times (Text-fig. 2b) . Plateau values were reached after 30 min of exposure to dextran-charcoal (Text- fig. 2a ) and after 15 min of exposure to ethanol (Text-fig. 2b ).
Text- fig. 2 . Absorption (a) and re-extraction (b) of endogenous progesterone from 0-1 ml milk and with 0-333 mg dextran-coated charcoal.
When the absolute concentration of milk was varied from 0-1 to 0-3 ml but the milk : dextran-charcoal ratio was held constant (i.e. 0-1 ml milk: 0-333 mg charcoal), the recovery remained the same (48· 1 + 1-8%; = 6) (Text- fig. 3 ).
40
Minutes Text- fig. 3 . Evaluation of the stability of progesterone recovery by using different amounts of milk and dextran-coated charcoal at a constant ratio: (a) 0-1 ml milk with 0-333 mg charcoal, (b) 0-2 ml milk and 0-666 mg charcoal and (c) 0-3 ml milk with 1 mg charcoal.
To check the effect of the solvent, a sample of the same milk pool containing
[3H]progesterone was treated with 0-333 mg dextran-charcoal/tube (n = 12) and extracted with 1 ml of different organic solvents. The percentage recoveries were as follows: methanol, 49-0 ± 4-2; cyclohexane, 17-6 ± 6-8; ethylacetate, 11-6 + 3-3; iso-octane, 4-4 + 3-9;N-hexane, 4-3 ± 3-2;diethylether, 6-6 ± 5-1; ethanol, 48-8 ± 3-2; acetone, 53-2 ±4-0.
A highly significant correlation was found when the results obtained using absolute ethanol (Procedure 1) and acetone (Procedure 2) as extractor solvents were compared. The The RIA sensitivity, defined as the smallest amount of pure standard hormone which significantly differs from zero, was evaluated as described by and was 12 pg/tube.
The within-and between-assay variations were 4-3% (n = 10) and 7-6% (n = 8), respectively. (Text-fig. 5 ) demonstrated the lack of precision and accuracy with over-estimation of low values and under-estimation of high values, and a great variability between the samples containing the same concentrations of added progesterone. In the second experiment, progesterone was measured in 50, 25, 12-5 and 6-2 ul samples of two milk pools. There was little or no response to dilution (Text- fig. 5 ), giving values always at the limit of the method's sensitivity. Progesterone concentrations determined in the same pools of milk after dextran-charcoal and ethanol extraction gave 2-89 ± 0-9 (n = 19) and 6-88 ± 0-29 (n = 10) (ng/ml). (Pennington et al., 1976b) . Progesterone measurements by a competitive protein-binding assay also gave a significant over-estimation at the lowest concentrations (Schiavo et al., 1975 (Heap et al., 1976; Ginther, Nuti, Garcia, Wentworth & Tyler, 1976; Pennington et al., 1976a, b) at low specific activity, are avoided. Moreover, up to 90-100 samples can be tested simultaneously by a single technician and the results are ready in 24-30 h. With respect to its application to pregnancy diagnosis, the great precision in the absolute value allows the elimination of the "questionable range" (Pennington et al., 1976a, b; Dobson & Fitzpatrick, 1976) , and a single discriminating value (5 ng/ml in our experiments) is sufficient for the diagnosis of pregnancy.
Maximum accuracy in pregnancy diagnosis was obtained 21 days after insemination (see Table 1 ), in accordance with previous reports (Pope et al., 1976; Pennington et al., 1976b) and this level of accuracy is still present 23 days after insemination.
When iodinated progesterone was used for the RIA (rapid incubation followed by polyethylene glycol separation), results could be obtained within 12 h and the milk values were closely correlated with those obtained in the same samples using tritiated progesterone, and in agreement with those reported by Allen et al. (1980) .
In conclusion, by using dextran-coated charcoal and absolute ethanol for the extraction step, followed by RIA with tritiated or iodinated progesterone, we have presented a milk progesterone assay method which is rapid, reliable and can be successfully applied for the diagnosis of pregnancy in cattle.
